An investigation to study adsorption of gentamicin and other related aminoglycoside antibiotics to cellulose, diatomaceous earth (Celite), and Seitz filter sheets was carried out. Experiments with five aminoglycosides indicated that 30 to 100% of these antibiotics was adsorbed to cellulose depending on the ratio of antibiotic to adsorbent, and the total quantity could not be removed by acidification. Similarly, a study with gentamicin found adsorption to diatomaceous earth to be in the range of 33 to 98%. Neomycin and gentamicin were also readily adsorbed to Seitz filter sheets. The data indicate that large losses may occur during filtration of these antibiotics under certain conditions, and care should be taken to properly evaluate results during studies with these compounds in the presence of adsorbent materials.
In a recent study on the adsorption of aminoglycoside antibiotics to feces (2), it was found that from 44 to 90% of these compounds was adsorbed to feces depending on the ratio of antibiotic to fecal material. In those experiments, when attempts were made to extract additional activity from the feces by the use of acid, the filtering of the supernatant was done through a Buchner funnel using a filter sheet and/or a filter aid (Celite) to assist in the filtering. Rather than increasing the amount of antibiotic recovered, a decrease was noted. This led to repetition of the experiments eliminating the filtering and using centrifugation alone for separation. The data showed conclusively that activity had been adsorbed to the filter pad and/or to the Celite and resulted in the experiments to be described here.
Because of the large quantity of cellulose-like material in fecal matter, studies similar to those reported (2) were carried out substituting cellulose powder for feces. As a further amplification of this work, it was also desired to determine the effect of diatomaceous earth on adsorption of aminoglycoside antibiotics, and experiments were performed with this adsorbent using gentamicin as a representative compound.
Studies were also carried out to determine if filtration of gentamicin or neomycin through Seitz filter sheets results in binding of these antibiotics to the filters. This is an extension of the studies carried out on binding of aminoglycosides to various materials and is thought to be of use in answering some questions of activity disappearance which have been noted in our laboratories during filtration of these antibiotics.
MATERIALS AND METHODS
Adsorbents. The adsorbents used in these studies were as follows. Whatman no. CF11 cellulose powder, chromatographic grade (W. and R. Balston, Ltd., England), was used for all cellulose studies. Diatomaceous earth (Celite, Johns-Manville Corp., New York, N.Y.) was used in all experiments on adsorption to this medium. Seitz filter sheets, S-sterilizing filters (Republic Seitz Filter Corp., Newark, N.J.) of 13.2-and 63.7-cm2 areas, were used for filtration experiments. The smaller diameter filters were punched from the larger sheets to insure homogeneity of material.
Antibiotics. All antibiotics were used in terms of their free-base activities. The following compounds were used: gentamicin and sisomicin (Schering Corp., Bloomfield, N.J.); neomycin (Upjohn Co., Kalamazoo, Mich.); kanamycin (Bristol Laboratories, Syracuse, N.Y.); and tobramycin (Eli Lilly and Co., Indianapolis, Ind.).
Adsorption studies. Studies were performed to determine the adsorption to cellulose powder and diatomaceous earth (Celite) by the following procedures. In one set of experiments, 50-ml portions of a solution of gentamicin made up to contain exactly 200 /g/ml (total of 10 mg of gentamicin per 50-ml aliquot) were added, respectively, to 1, 2, 4, 8, and 16 g of either cellulose powder or Celite, stirred for several minutes, and allowed to stand for 1 h. The suspensions were centrifuged, and the supernatants were assayed and compared with the initial concentration of gentamicin to calculate the losses due to adsorption.
Similarly, 50-ml solutions containing 1, 2, 4, 8, and 16 mg of gentamicin, respectively, were mixed with 8-g portions of either cellulose powder or Celite and treated in the same manner as described for the fixed concentration of antibiotic.
To determine the relative adsorption of different aminoglycoside antibiotics to cellulose powder, the be more efficient on an adsorbed weight basis than when the lower level was used. This may simply indicate that a minimal quantity remains, and, since the binding sites were probably saturated by excess antibiotic at the higher level, the "apparent" extraction efficiency is greater than that resulting from extraction of the quantities adsorbed from the lower level of antibiotic tested. The effects of filtration of gentamicin and neomycin solutions through Seitz filter sheets are shown in Tables 4 and 5 .
It can be seen that the binding sites on the small sheets were saturated on the first pass and held, respectively, 353 ,ug of gentamicin per cm2 and 383 ug of neomycin per cm2. No further antibiotic was adsorbed during the next filtrations. For the two antibiotics, a total loss of 31 and 35%, respectively, of the initial quantity of gentamicin and neomycin was noted, after which the sheets became saturated and no further reduction in activity was evident, indicating no further adsorption.
The effect of using the larger Seitz filters appeared at variance with the results obtained with the smaller sheets. Using the same volume of starting solutions as used with the smaller filters (30 ml), less of the antibiotics was adsorbed during the first filtration than would have been expected, and the sheets were not saturated. For gentamicin 66% of the antibiotic was adsorbed, as compared to 81% for neomycin. On the second pass an additional 17% of the gentamicin was lost on the filter and 15% more neomycin was adsorbed (total, 96%) to saturate its filter, as seen by no further loss during the third pass. An additional small quantity (4.5%) of the gentamicin was adsorbed on the third filtration, for a total of 87.5% adsorption. Thus, gentamicin was adsorbed at a slower rate than neomycin from solution.
If one presumes that the binding sites are saturated or virtually saturated after the final filtrations, then the computed holding capacities of the large sheets are 208 and 218 ,ug/cm2, respectively, for gentamicin and neomycin. This is about one-third less than calculated, based upon the area capacity of the small filters, which is unexpected. This phenomenon has not been explained and may be related to an equilibrium between the solution concentrations and filter area. These results are similar to those where cellulose powder was used and which are also not conclusively explained. In light of these findings, it is recommended that caution prevail in filtration of aminoglycosides, especially when low concentrations of these antibiotics are used; large losses may 
